On September 18th 2008, a replacement for the previously collapsed I-35W bridge opened to the public. Consequently, travelers were once again confronted with the opportunity to find better alternatives. The traffic pattern of the Minneapolis road network was likely to readjust, because of the new link addition. However, questions arise about the possible reasons (or components in the route choice process) that are likely to influence travelers crossing the Mississippi, who had to choose among the bridge options, includingthe new I-35W bridge. Using GPS data and web-based survey collected both before and after the replacement bridge opened, a bridge choice model is estimated using weighted-least squares logit. In this way the proportion of I-35W trips can be estimated depending on the assigned values of the explanatory variables, which include: statistical measures of the travel time distribution experienced by the subjects, alternative diversity, and others. The results showed that travel time savings and reliability were the main reasons for choosing the new I-35W bridge.
Introduction
The I-35W Mississippi River Bridge collapse on August 1st 2007 in Minneapolis, disrupted the usual travel routes of many motorists. Travelers were forced to respond by exploring the network, and by adjusting their travel behavior according to their experience and other external information sources. Potential traveler responses to disruption include:
• switch normal route because of closure or newly added congestion;
• cancel trips;
• reschedule activities;
• change to other travel modes;
• and consolidate trips and reduce trip frequency;
In principle, travelers may also adjust their residential and work locations, if their perception of the disruption were severe. Furthermore, the reopening of the new I-35W bridge on September 8th 2008 was another opportunity for travelers to explore new routes, and to decide if there are any benefits in switching to other alternatives.
The study of travel behavior during unforeseen disruptions is a topic of interest in this article. Therefore, a bridge choice model is built based on data collection efforts conducted during the period between August and December of 2008. These efforts included the collection of GPS tracking data, and web-based surveys. In addition, the travel behavior process is studied from a bridge selection reference frame; this allows for studying solely the swapping behavior of travelers (i.e. choosing I-35W Bridge vs. Other alternatives) and the possible significant explanatory factors behind them (e.g. travel time). A review of the effects of the I-35W collapse can be found in ?. This study is organized as follows: A data section presents the data collection techniques, the analysis methodology employed, and descriptive statistics of the sample; the bridge choice model and its results are discussed in the subsequent section; and the last section concludes the article.
Data

Recruitment
Subjects were recruited through announcements posted in different media including: Craigslist.org, and CityPages.com; the free local weekly newspaper City Pages; flyers at grocery stores; flyers at city libraries, postcards handed out in downtown parking ramps; flyers placed in downtown parking ramps; and emails to more than 7000 University of Minnesota staff (students and faculty were excluded). More than 900 subjects responded, and consequently they were randomly selected among those who satisfied the following requirements for their participation: The possible list of potential subjects was provided to Dr. Randall Guensler at the Georgia Institute of Technology and the subcontractor Vehicle Monitoring Technologies (VMTINC), who managed this field data collection effort. Also, a local subcontractor (MachONE) was employed to instrument the subjects' vehicles with GPS devices two weeks before the new I-35W bridge reopened. These GPS devices recorded the coordinates of the instrumented vehicle at every second between engine-on and engine-off events. The coordinates log collected by the GPS was transmitted to the server in real time through wireless communication. The subjects remained instrumented for 13 weeks without following any instructions with the exception of filling periodic surveys.
In parallel, the authors and others affiliated with the University of Minnesota conducted another GPSbased data collection effort. Other potential subjects (randomly selected from the original pool) were instrumented with logging-type GPS devices (QSTARZ BT-Q1000p GPS Travel Recorder powered by DC output from in-vehicle cigarette lighter) also approximately two weeks before the replacement I-35W bridge opened to the public. These GPS devices recorded the position of the instrumented vehicle at a frequency of 25 meters per location point registered between engine-on and engine-off events. These subjects remained instrumented for 8 weeks, during this time period the subjects followed their usual commute pattern without any instruction from the researchers. In addition, at the end of the study period (i.e. 8 weeks or 13 weeks depending on the GPS study), subjects completed a comprehensive final web-based survey to evaluate the driving experience on routes using different bridges choices, provide socio-demographic information (see Section 3.1), and also answer some questions regarding route preferences.
A total of approximately 150 (about 46 by VMTINC, and 104 by University of Minnesota) subjects had usable (complete day-to-day GPS information) data required for this analysis. For this study, only 46 subjects (25 from VMTINC, and 21 from University of Minnesota) had the required data according to the subsequent Section 2.2.
Methodology
The GPS data analysis process can be divided in three phases:
1. Identification of commute trips per subject on the bridges of interest (see Figure 1) ; 2. Information extraction (e.g. travel time) of commute trips per subject; 3. Specification and estimation of a random utility model to determine the reasons for a subject to prefer the new I-35W bridge over other plausible alternatives.
The first phase utilizes the coordinates of the trips per subject, and the TLG (defined in the subsequent paragraph) network in order to identify the trips crossing bridges, and the bridges crossed. This identification is done by spatial matching the coordinates of each bridge of interest to the coordinates of each set of trips for each subject. Also, subjects' trips must start at their home/work and end at their work/home locations in order to be considered commute trips. The distance tolerance between origins (destinations) to home (work) locations was set to 600 m. Moreover, inaccurate points due to GPS "noise", and out-of-town trips (e.g. during Thanksgiving) were excluded.
The TLG network refers to a digital map maintained by the Metropolitan Council and The Lawrence Group (TLG). It covers the entire 7-county Twin Cities Metropolitan Area and is the most accurate GIS map of this network to date. The TLG network contains 290,231 links, and provides an accurate depiction of the entire Twin Cities network at the street level.
The second phase extracts usable information from the identified trips including: statistics of travel time distribution of all trips (both average and standard deviation) for each subject; total number of trips observed for each subject; and the frequency of routes (i.e. bridges) used by each subject. This process is performed for each time period of travel (e.g. AM) , and for the period of interest (between September 18th and October 12th) . On September 18th, the new I-35W Bridge opened to the public at 5 AM. On October 12th, the I-94 lanes were re-stripped, and consequently eliminating a traffic restoration measure implemented by MnDOT to ameliorate the bride collapse effects.
The third phase consists of fitting a statistical model to the data tabulated from the previous phases. The objective is to understand the factors behind the decision of commuters on whether to choose the new I-35W Bridge over other alternatives. This phase is described thoroughly in Section 4.
3 Descriptive Statistics 3.1 Socio-Demographics Table 1 , summarizes socio-demographic information of the subjects. The sample differed somewhat from the population of the Twin Cities in several ways: subjects are older, more educated and have a more uniform distribution of income. Another characteristic of the sample is the variation of the subjects' time living at their current work and home location is high. In other words, the sample has subjects ranging from those living several years in their current work and/or home locations to those living a few months in their current work and/or home locations. 3.2 Routes: Preferences, and Attributes according to survey data Figure 2 presents the bridges rankings according to the subjects responses in the final web-based survey. The I-35W Bridge is the most preferred. This is not coincidental, as many subjects were selected based on whether I-35W would be a component of a shortest route to work. It should be noted that this preference is marked after the I-35W bridge reopened. Furthermore, the high preference for I-35W bridge agrees with the subjects stated reasons for choosing a route (Figure 3 ). The two most important reasons for choosing a route indicated by the subjects are travel time, travel time predictability, travel distance and other reasons unique to the subjects. The travel distance is an interesting reason as subjects are likely to drive the bridges closer to their home and work location. Bridges that are farther might not attract subjects.
Route Changing Behavior according to survey data
In Tables 2 and 3 , the subjects stated that they were prone to try alternative routes or change routes after the I-35W Bridge reopened. The most cited (41%) reason the subject's indicated for changing routes is that the alternatives have shorter travel times. In contrast, 45% of subjects who did not change routes considered that the alternatives were not better. This change of routes probably was required as many subjects did not reduce the number of river crossings according to Table 4 , and thus alternatives to I-35W had to be found. 
Statistical Model
A statistical model using weighted least-squares (WLS) logit is used to predict the proportion of I-35W trips performed by a traveler. A WLS logit analyzes binary or dichotomous choices, and these choices can be weighted by a frequency (I-35W trips performed in this case). The reader can refer to Trivedi and Cameron (2005) , and Ruud (2000) for additional details about weight least square estimators, and logit models.
The proposed model studies the bridge swapping behavior of commuters (i.e. choosing I-35W Bridge vs. Other alternatives). The dependent variable is represented by the proportion of trips traveled on the new I-35W Bridge out of a subject's total trips during the period of interest (September 18th and October 12th). The other portion of trips consist of other bridge alternatives frequented by the commuters in the study such as: I-94, I-694, Lowry Avenue, Cedar Ave (19th Avenue -10th Street), Hennepin Ave, Washington Ave, Franklin Ave, and others.
The specification of the WLS logit is as follows:
where:
• L : Proportion of I-35W trips
• T m : Time Period -The time of day. It is 1 for PM, and 0 for AM.
•T I−35W : I-35W: Average Travel Time -The average (arithmetic mean) travel time experienced by each subject while driving on the new I-35W between September 18th and October 12th. (minutes).
• V I−35W : I-35W: Travel Time Variability -The standard deviation of the travel time experienced by each subject while driving on the new I-35W between September 18th and October 12th. In addition, it also limits the number of subjects in the sample, because the subjects must have at least two trips performed on the I-35W bridge. (minutes).
•T Alternatives : Alternatives: Average Travel Time -The average (arithmetic mean) of the travel time experienced by each subject on all other bridge alternatives excluding the new I-35W bridge. This average also includes trips before September 18th (but not after October 12th) as certain subjects did not travel on any other alternatives after the new bridge reopened. In this way, a measure of the possible travel time for those subjects can be calculated without having to reduce further the sample size. (minutes).
• V Alternatives : Alternatives: Travel Time Variability -The standard deviation of the travel time experienced by each subject, while driving all other bridge alternatives excluding the new I-35W bridge. This standard deviation also includes trips before September 18th (but not over October 12th) as certain subjects did not travel on any other alternatives after the new bridge reopened. (minutes).
• D Alternatives : Alternatives: Bridge Diversity -The number of distinct alternatives (bridges) a subject used from September 18th (and before) to October 12th.
• S : Socio-Demographic variables --Gender (1 = Male; 0 = Female). Table 5 shows the parameter estimates for the specified model. Factors found statistically significant include: average travel time, travel time variability, bridge diversity, and socio-demographic variables. This corroborates Figure 3 as it indicates travel time as an important factor for the subjects. In terms of goodness of fit, the model has a R 2 of 0.5865. Furthermore, the results presented by their regressors are:
Results and Discussion
Time Period
This variable was not found statistically significant, and thus the proportion of the I-35W bridges for AM and PM did not seem to be systematically different.
I-35W: Average Travel Time and Travel Time Variability
The average travel time and travel time variability of the I-35W bridge were found statistically significant. Both have the expected sign; high travel time and high travel time variability of I-35W should lead to smaller proportion of trips using I-35W. In addition, it agrees with Table 2 as smaller average travel time and higher travel time predictability (low variability) for I-35W should attract possible commuters looking for new alternatives.
Alternatives: Average Travel Time and Travel Time Variability
The average travel time and travel time variability of the alternative bridges (excluding I-35W) were found statistically significant. Both have the expected sign; high travel time and high travel time variability of I-35W should lead to higher proportion of trips using I-35W. However, the travel time variability was less significant than its I-35W counterpart. This is perhaps product of the aggregations of different bridge alternatives.
Alternatives: Bridge Diversity
This variable was found statistically significant. It indicates that the more distinct alternatives a subject experience, the less it'll be the subject's proportion of trips on the I-35W bridge. A possible reason for this result is that travelers may still be in the process of searching for their best alternative (I-35W or other) according to their own criteria.
Socio-Demographic variables
Neither of the specified socio-demographic variables were found statistically significant. The choice situation tended to be dominated by the measures of the travel time distributions. Finally, other factors not included as pointed by the subjects in Table 3 may influence their preferred bridge choice, even if travel time benefits are present.
Conclusion
Network disruptions force travelers to adapt by changing to other modes, finding alternative routes, canceling/consolidating trips, rescheduling trips, and in severe cases look for new residential and/or work locations. However, questions arise about the effects after the disruption, and also about the influences of traffic restorations done by DOTs to the traffic patterns in the network. In the case of the I-35W Bridge collapse, MnDOT performed two major changes to the network: the opening of a new I-35W bridge, and the re-stripping of * is 10% significance level, ** is 5% significance level, *** is 1% significance level a It is the arithmetic mean of the travel time distribution of the trips for the mentioned period of study.
b It is the standard deviation of the travel time distribution of the trips for the mentioned period of study.
I-94 in order to have additional lanes. In this study, an exploratory analysis was performed focusing solely on the factors behind the travelers selection of the new I-35W bridge over their previously available alternatives after its collapse. A proposed model following (WLS logit) was formulated to identify the magnitude and direction of the contributions of elements such as travel time in the bridge choice process during this transition period. According to the survey data (Tables 2 and 3) , subjects with at least two trips on the new I-35W bridge (the selected sample size) stated a high willingness to try new alternatives, and indicated that their usual route changed. Furthermore, travel time and travel time predictability (low variability) were selected as the main reasons for trading routes. This result also agreed with the bridge choice model fitted to the GPS data of the same subjects surveyed. Therefore, travel time savings and reliability were the key components regardless of their socio-demographic differences in explaining their swapping behavior (I-35W vs. Other alternatives). However, resistance (e.g. route constraints, high search costs) to choose the new I-35W bridge or other alternatives was also present as stated by the subjects.
Future research is required as very few studies have extensively covered major disruptions, because naturally they are hard to predict, and thus data is not collected. In this case, the GPS data acquired is an invaluable scientic resource that allows further exploration with distinct model formulations. A possible path for new research is the development of models accounting for the experience factor. This will be analyzed by considering how further in time (1 week, 2 weeks, 3 weeks) travelers remember average travel times for a specic route they followed. This experiential model could be helpful, because it might identify the beginning of the bridge (or route) changing process. 
